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ABSTRACT. Main Astronomi
al Observatory of the National A
ademy of S
ien
es of Ukraine(GAOUA is the a
ronym used by the IERS) is engaged in 
onstru
tion of the ICRF as re-alized by VLBI. Two di�erent series of 
atalogues of radio sour
e (RS) positions have been
onstru
ted, namely initial 
atalogues of RSC(GAOUA)YY R NN as resulted from pro
ess-ing the VLBI observations with the SteelBreeze software and 
ombined 
atalogues of typeRSC(GAOUA)YY C NN as resulted from using the so-
alled Kyiv ar
 length method for 
om-bining initial 
atalogues provided by various Analysis Centers of the IERS. New initial referen
eframe RSC(GAOUA)03 R 01 was 
onstru
ted based on VLBI data from 1979 to 2003 as well asnew 
ombined 
atalogue RSC(GAOUA)03 C 01 was 
onstru
ted applying the Kyiv ar
 lengthmethod to four initial frames RSC(BKG)03 R 01, RSC(CGS)02 R 01, RSC(GAOUA)03 R 01and RSC(AUS)03 R 01. Results of 
omparison between the ICRF-Ext.1, four initial frames,and the 
ombined frame are dis
ussed.1. INTRODUCTIONMain Astronomi
al Observatory of the National A
ademy of S
ien
es of Ukraine (GAOUAis the a
ronym used by the IERS) is engaged in 
onstru
tion of the ICRF as realized by VLBI.Two di�erent series of 
atalogues of radio sour
e (RS) positions have been 
onstru
ted, namelyinitial 
atalogues of RSC(GAOUA)YY R NN as resulted from pro
essing the VLBI observationswith the SteelBreeze software and 
ombined 
atalogues of type RSC(GAOUA)YY C NNas resulted from using the so-
alled Kyiv ar
 length method for 
ombining initial 
ataloguesprovided by various Analysis Centers of the IERS or the IVS. These 
atalogues have been usedfor 
he
k of 
onsisten
y of the ICRF.2. GAOUA INITIAL CATALOGUES OF RS POSITIONSSeveral initial 
atalogues have been 
onstru
ted using various versions of the SteelBreezesoftware (S. Bolotin, 2001). Table 1 gives overview of the GAOUA initial 
atalogues.The re
ent initial 
atalogue of RS positions RSC(GAOUA)03 R 01 is based upon a solutionfor all appli
able VLBI data sin
e 1979 till July 2003. In total 3,550,143 dual frequen
y delaysa
quired on 2,970 astrometri
 and geodeti
 sessions have been pro
essed (S. Bolotin, 2003).39



Table 1: Statisti
s of the GAOUA initial 
atalogues. N is total number of RS positions; Nd isthe number of de�ning RS; � is internal r.m.s. un
ertainty (in mas).Frame N Nd �� � 
os Æ �Æ Software versionRSC(GAOUA)96 R 01 160 33 0.14 0.21 SteelBreeze-1.0RSC(GAOUA)97 R 01 129 17 0.21 0.38 SteelBreeze-1.0RSC(GAOUA)98 R 01 198 55 0.25 0.41 SteelBreeze-1.0RSC(GAOUA)00 R 01 191 47 0.22 0.39 SteelBreeze-1.2RSC(GAOUA)03 R 01 1558 211 0.10 0.13 SteelBreeze-2.0The initial values of RS positions have been taken from the ICRF-Ext.1. Orientation of
onstru
ted referen
e frame was de�ned by a No-Net-Rotation 
ondition between the ICRF-Ext.1 and the derived 
atalogue using 35 de�ning radio sour
es.3. GAOUA COMBINED CATALOGUES OF RS POSITIONSThe Kyiv ar
 length method proposed by Ya. Yatskiv and A. Kur'yanova, 1990, was used for
onstru
tion of 
atalogues of type RSC(GAOUA)YY C NN sin
e 1991. This method 
ombinesa geometri
al ar
 length 
al
ulation with a statisti
al evaluation of un
ertainties of individualand 
ompiled 
atalogues. The following items explain essentials of the method approa
h (
or-responding mathemati
al formulae 
an be found in Kur'yanova A.N. and Yatskiv Ya.S., 1993):� sele
tion of \basi
" 
atalogues of radio sour
e (RS) positions from set of individual 
ata-logues;� sear
h for de�ning RSs 
ommon to ea
h sele
ted \basi
" 
atalogues;� 
al
ulation of ar
 lengths (below simply \ar
s") between de�ning RSs whi
h are 
ommonin all \basi
" 
atalogues;� 
omparison of 
al
ulated ar
s for \basi
" 
atalogues, whi
h resulted in evaluation of 
ata-logue weights; determination of mean values of the ar
s and \ar
 minus mean ar
" residuals;� 
onstru
tion of so-
alled individual \rigid" frames whi
h are based on the ar
s betweende�ning RS and on the systems, de�ned by positions of two sele
ted RSs;� 
onstru
tion of 
ombined \rigid" frame using the data of previous steps;� alignment of this 
ombined \rigid" frame to the ICRF and 
onstru
tion of 
ombined ref-eren
e frame using No-Net-Rotation 
ondition between the 
ombined frame and the ICRFfor 
ommon de�ning RSs;� extension of the referen
e frame realized by 
ommon de�ning RSs to additional RSs, in-volved in pro
ess of 
onstru
ting the 
ombined frame.The eight 
ombined solutions based upon initial 
atalogues of RS positions provided byIERS and/or IVS were 
onstru
ted (Y. Yatskiv, O. Molotaj, A. Kur'yanova and V. Tel'nyuk-Adam
huk, 2003).Table 2 gives some 
hara
teristi
s of the initial referen
e frames whi
h have been usedfor 
onstru
tion of re
ent 
ombined 
atalogue RSC(GAOUA)03 C 01. Three frames, namelyRSC(BKG)03 R 01, RSC(CGS)02 R 01 and RSC(GAOUA)03 R 01 have been used as individual\basi
" frames in pro
ess of 
onstru
ting the 
ompiled 
atalogue of GAOUA type. RS 1606+106and RS 1130+009 are sele
ted as \basi
" sour
es for de�ning \rigid" frames.40



Table 2: List of VLBI frames under 
onsideration. N is the number of radio sour
es in theframe; Nb is the number of de�ning RSs 
ommon for the �rst three 
atalogues: � is internalr.m.s. un
ertainty (in mas); W is frame weight used for 
onstru
ting the \rigid" frame.Frame N Nb �� � 
osÆ �Æ WRSC(BKG)03 R 01 630 161 0.06 0.08 0.38RSC(CGS)02 R 01 457 161 0.11 0.13 0.14RSC(GAOUA)03 R 01 1558 161 0.07 0.09 0.48RSC(AUS)03 R 01 659 161 0.09 0.16 {RSC(GAOUA)03 C 01 1667 161 0.06 0.08 {4. COMPARISON OF THE INITIAL FRAMES WITH RSC(GAOUA)03 C 01 andICRF-Ext.1Initial and 
ombined 
atalogues have been 
ompared by using the IERS model:A1 tan Æ 
os�+A2 tan Æ sin��A3 +D�(Æ � ÆÆ) = �1 � �2�A1 sin�+A2 
os�+DÆ(Æ � ÆÆ) +BÆ = Æ1 � Æ2;where A1, A2, A3 are rotation angles between two frames under 
onsideration; D�, DÆ, BÆrepresent the systemati
 e�e
ts by three deformation parameters, namely D� { drift in rightas
ension as a fun
tion of the de
lination,DÆ { drift in de
lination as a fun
tion of the de
linationand BÆ { bias in de
lination.Only de�ning sour
es whi
h are 
ommon in the initial frames, RSC(GAOUA)03 C 01 andICRF-Ext.1 (RSC(WGRF)99 R 01) were used in 
omparisons. The transformation parame-ters were evaluated by a least squares �t without weights. The relative global orientation andthe deformation parameters between initial 
atalogues RSC(BKG)03 R 01, RSC(CGS)02 R 01,RSC(GAOUA)03 R 01 and RSC(AUS)03 R 01 (below BKG, CGS, GAOUAr and AUS), 
om-bined 
atalogue RSC(GAOUA)03 C 01 (below GAOUA
) and ICRF-Ext.1 are given in Table 3.Table 3: Relative orientation between individual frames, 
ombined 
atalogue and ICRF-Ext.1.Nd is the number of 
ommon de�ning sour
es, A1, A2, A3 are the rotation angles (in �as), D�,DÆ are the drifts in right as
ension and de
lination respe
tively, BÆ is the bias in de
lination (in�as/deg for the drifts, �as for the biases).Frames Nd A1 A2 A3 D� DÆ BÆBKG{ICRF 191 9�29 -17�29 -10�33 -1�1 -1�1 38�25CGS{ICRF 175 -3�22 16�22 -7�27 -1�1 -1�0 10�21GAOUAr{ICRF 211 24�30 20�30 -15�35 -1�1 0�1 -28�26AUS{ICRF 191 138�45 6�46 -85�51 -3�2 -5�1 205�40GAOUA
{ICRF 211 13�26 5�26 -22�30 -1�1 0�1 5�24No signi�
ant slopes in RA and De
 and biases were dete
ted in any individual frame ex
eptRSC(AUS)03 R 01.Moreover, the 
onstrains applied to align the respe
tive frames in
luding GAOUA
 to ICRFhave resulted in agreements of frame orientation at a few tens of mi
roar
se
ond (see values inTable 3).Figures 1 and 2 show, for the de�ning sour
es whi
h are 
ommon to GAOUA
 and ICRF,post�t residuals in RA and in De
 as a fun
tion of de
lination, and their normalized residualsin a plane RA { De
 respe
tively. 41
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Figure 1: Post�t residuals \GAOUA
{ICRF" against de
lination for 
ommon de�ning RSs.
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Normalized residuals of right ascensionFigure 2: Distribution of normalized residuals \GAOUA
{ICRF" for 
ommon de�ning RSs.
5. ON THE INCONSISTENCIES OF THE GAOUA TYPES OF RSCATALOGUES WITH ICRF-Ext.1With respe
t to observational data used for determination of RS positions in ICRF-Ext.1 andRSC(GAOUA)03 R 01 as well as for 
onstru
tion of the 
ombined 
atalogue RSC(GAOUA)03 C 01we have to 
onsider that these 
atalogues are not independent. Thus the 
omparison betweenthese realizations of the ICRF 
an not be used as obje
tive quality 
ontrol.Nevertheless, we have used the 
omparison of these three 
atalogues to determine the so-
alled "external" estimates of un
ertainties for these frames. The following 
al
ulations were42



made:a) formal average values of positions of radio sour
es were derived for di�erent set of individualand 
ombined/
ompiled 
atalogues (SO-system);b) di�eren
es diÆ and djÆ between positions of i-th and j-th individual frames and SO-systemwere 
al
ulated and used for determination of the 
oeÆ
ient of 
orrelation rij between i-thand j-th frames.
) the r.m.s. di�eren
es dij and the 
orrelation rij between the i-th and j-th frames wereused to evaluate the \external" a

ura
y �i of the i-th frame using the following equationd2ij = �2i + �2j � 2rij�i�j; i 6= jTable 4 gives the r.m.s. di�eren
es dij , 
oeÆ
ients of 
orrelation rij between 
orrespondingframes, and estimated \external" r.m.s. un
ertainties �i of the ICRF, GAOUA
 and GAOUArframes.Table 4: \External" estimations of un
ertainties of the referen
e frames. Mean r.s. di�eren
es,dij , 
orrelations, rij , and the estimated un
ertainties, �i 
al
ulated for all 
ommon and for all
ommon de�ning RSs. Indexes used as follows: 1 - ICRF, 2 - GAOUA
, 3 - GAOUAr.r.m.s. di�eren
es dij 
orrelation un
ertainties, mas,mas on 
ondition rij 6= 0d12 d13 d23 r12 r13 r23 �1 �2 �3all 584 
ommon RSRA 0.54 0.58 0.21 -0.85 -0.89 0.51 0.54 0.06 0.20De
l 0.61 0.62 0.25 -0.84 -0.86 0.45 0.40 0.23 0.24211 
ommon de�ning RSRA 0.32 0.34 0.11 -0.86 -0.91 0.57 0.32 0.01 0.12De
l 0.30 0.38 0.16 -0.73 -0.90 0.37 0.32 0.01 0.19The data of Table 4 indi
ate that the internal 
onsisten
y of the ICRF-Ext.1 
ould be im-proved. One of possibility of su
h improvement is to identify radio sour
es with large systemati
displa
ements in the ICRF.Using the set of di�eren
es of "Combined frame { ICRF-Ext.1" the large di�eren
es in RAand De
 were identi�ed when they were larger than 1 mas (for all 
ommon RS) and 0.45 mas(for 
ommon de�ning RS) in three and more 
atalogues (see Tables 5-6 and 7-8 respe
tively).6. CONCLUSIONSThe �nal 
on
lusions are the following:1. Constraints applied to align the GAOUA 
ombined 
atalogues to ICRF have resulted inagreements of frames at a few tens of mi
roar
se
ond. No signi�
ant slopes and biases inRA and De
 were dete
ted in those of 
atalogues 
onstru
ted sin
e 1999.2. Averaged internal un
ertainties of RA and De
 of the GAOUA 
ombined 
atalogues (sin
e1999) are less than 0,1 mas and averaged value of the r.m.s. di�eren
es of "Combinedframe { ICRF" in RA and De
 is about 0,25 mas.3. The 
ombined 
atalogue RSC(GAOUA)03 C 01 internally is more 
onsistent as 
omparedwith the ICRF-Ext.1. 43



Table 5: Statisti
s of large di�eren
es in RA for 
ombined 
atalogues GAOUA and ICRF-Ext.1 {all 
ommon RS (Status of the sour
es: `D' { de�ning, `C' { 
andidate, `O' { other radio sour
es)(in mas). �� � 
os ÆRS Designation RSC(GAOUA) St98 C 01 99 C 03 00 C 01 01 C 01 03 C 010138� 097 2.22 1.63 1.64 2.34 2.01 D0529 + 075 -1.38 { -1.31 { -1.01 C0823� 500 -1.48 -1.40 -1.32 -1.67 -7.10 C1156� 094 1.42 1.33 1.36 1.11 1.02 C1323 + 321 -10.74 -1.10 { -2.36 { C1328 + 307 { -1.01 -0.97 -0.98 -1.30 C1540� 828 2.04 2.24 2.44 1.01 { C1604� 333 { { 0.94 1.08 0.75 D1733� 565 { 0.86 0.80 1.30 1.55 C1740� 517 -2.57 -1.71 -2.46 { { C1806� 458 -2.76 -1.93 -0.92 { -1.39 C1934� 638 -1.95 -1.99 -2.30 -1.08 { C2128 + 048 { 1.05 0.96 1.02 1.18 O
Table 6: Statisti
s of large di�eren
es in RA for 
ombined 
atalogues GAOUA and ICRF-Ext.1{ 
ommon de�ning RS (in mas). �� � 
os ÆRS Designation RSC(GAOUA)98 C 01 99 C 03 00 C 01 01 C 01 03 C 010138� 097 2.22 1.63 1.64 2.34 2.010437� 454 -0.54 -0.48 -0.47 -0.44 {0537� 286 0.40 0.42 0.46 0.51 0.630733� 174 -0.30 -0.52 -0.50 -0.52 -0.621143� 245 { -0.79 -0.87 -0.90 -0.751448 + 762 0.75 0.84 0.88 0.98 0.581604� 333 { { 0.94 1.08 0.751727 + 502 { { -0.53 -0.57 0.88

44



Table 7: Statisti
s of large di�eren
es in De
 for 
ombined 
atalogues GAOUA and ICRF-Ext.1{ all 
ommon RS (Status of the sour
es: `D' { de�ning, `C' { 
andidate, `O' { other radiosour
es) (in mas). �ÆRS Designation RSC(GAOUA) St98 C 01 99 C 03 00 C 01 01 C 01 03 C 010259 + 121 { 4.70 1.25 1.45 1.40 C0440� 003 -1.11 -1.25 -1.08 -1.26 -0.99 D0454� 463 { -6.56 -17.97 -16.73 { C0600 + 219 { { 1.18 1.22 2.27 O1156� 094 { 0.97 1.03 1.14 1.17 C1402� 012 1.04 0.97 0.94 2.47 2.77 C1409 + 218 { 1.10 0.99 0.91 { C1718� 649 1.06 1.08 { 1.62 1.32 D1951 + 355 -2.05 -1.89 -1.79 -1.75 -1.28 C2312� 319 -0.98 -1.14 -1.19 -0.79 { D
Table 8: Statisti
s of large di�eren
es in De
 for 
ombined 
atalogues GAOUA and ICRF-Ext.1{ 
ommon de�ning RS (in mas). �ÆRS Designation RSC(GAOUA)98 C 01 99 C 03 00 C 01 01 C 01 03 C 010039 + 230 { { 0.54 0.53 0.680123 + 257 { -0.47 { -0.68 -0.570131� 522 { 0.71 0.58 { 1.530440� 003 -1.11 -1.25 -1.08 -1.26 -0.990458 + 138 -0.76 -0.97 -0.84 -0.85 -0.380518 + 165 0.69 0.56 0.48 0.47 0.370733� 174 { -0.48 { -0.51 -0.920812 + 367 { 0.72 0.71 0.73 0.540829 + 046 { 0.52 0.52 0.47 0.501038 + 064 -0.60 -0.62 -0.58 -0.54 -0.461616 + 063 { -0.66 -0.61 -0.60 {2059 + 034 -1.03 -0.76 -0.66 -0.63 -0.632312� 319 -0.98 -1.14 -1.19 -0.79 -0.48
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4. There are several RSs whi
h systemati
ally (for more than three 
atalogues) exhibit largedi�eren
es of "Combined frame { ICRF" in RA and De
 (larger than one mas). Three ofthem are the de�ning sour
es, namely 0138-097, 0440-003 and 2312-319, whi
h have to be
onsidered as problem sour
es to be in
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